. The studies focusing particularly on robotics in mathematics education brought out the need for discussion of how the role played by the teacher in robot-based activities influences students' learning of mathematics (Lindh & Holgersson, 2007; Savard & Freiman, 2016) . Earlier studies discuss how robot integration affects students' performance in mathematics and their motivation to learn mathematics (Ardito, Mosley, & Scollins, 2014; Barak & Assal, 2018; La Paglia, la cascia, Francomano, & La Barbera, 2017; Leonard et al., 2016; Lindh & Holgersson, 2007) . Changing the role of the teacher from that played in a traditional classroom is mentioned in some of the studies (Lindh & Holgersson, 2007) ; however, such changes are not widely discussed as components of students' learning processes with robots.
To integrate programming into mathematics education, Lego Mindstorm robots have the means to accomplish such smooth programming integration. This study focuses on the integration of Lego Mindstorm robots into the learning processes of mathematics. In addition, as the role of the teacher in successful robot integration into mathematics education is unclear, the study aims to specifically discuss what roles teachers can play in students' learning processes regarding mathematics in robot-based activities by answering the following question:
How does the role of the teacher in robot-based activities influence students' learning processes in mathematics?
This question is investigated by comparing two different sessions from data gathered in one secondary school in Norway in which a mathematics teacher without any previous knowledge of programming introduced Lego Mindstorms robots to his students. We will concentrate on what changes occur to the everyday practice of the classroom when programming and robots are introduced. When the teacher does not have any previous knowledge of programming, such an introduction is not always an ideal one. The focus of this study is not what a teacher should do in the classroom but what the teacher actually does and what kind of choices they make in the process of introducing learning with robots. We will concentrate on the role played by the teacher in the collective learning processes of one group of three students, aged 12-13. During the first session, the students were unable to complete the assigned task with the robots. During the second session, they were more successful. Furthermore, during the second session, their use of mathematical tools increased.
We analyze the role of the teacher in the collective learning processes of students using Engeström's (1987) activity system analysis in cultural-historical activity theory (CHAT) . CHAT enables the analysis of the effect of various components, such as the role of the teacher in collective learning processes. CHAT considers teaching to be one part of students' learning processes and enables researchers to analyze learning and the teacher's role in collective learning processes where the teacher is a participant (Engeström & Sannino, 2012) . In this model, knowledge is distributed among participants and tools. Learning is thus viewed and analyzed as a development of the collective knowledge of a group rather than as knowledge transferred from the teacher to the students (Engeström, 2005) . In the sessions analyzed as part of this research, teaching and learning were affected through innovative, collective group processes, as well as through interactions between students and the teacher. Our analysis concentrates on student-teacher relationships as measured through interactions and negotiations between the teacher and the students during the open learning processes with robots.
The rest of the paper is organized as follows. First, existing literature on the role of the teacher in robot-based activities is discussed. A discussion of the theoretical framework of this study comes next. Then, we present our research strategy and methods, detailing how the two different sessions are analyzed and compared using concepts from activity system analysis. In the final section, we review the findings and discuss ways in which the findings can be generalized.
Literature review

Robots in mathematics education
The various studies on the application of robotics in mathematics education mentioned the changed role of the teacher in classroom activities (Barak & Assal, 2018; Lindh & Holgersson, 2007) . The studies reported that even if the role of the teacher differs from the teacher's traditional role as a lecturer, the teacher still has an important role to play. Students need the teacher as a guide and support while learning the technology. At times, students also need help to solve technical problems before they can continue programming and working with robots. Teachers with previous knowledge of technology, physics, or natural science are able to link their knowledge to Lego technology (Lindh & Holgersson, 2007) . Barak and Assal (2018) reported that students sought the teacher's advice in the beginning. Once they got control over the robot, collaboration between students took a more central role than that of the teacher. Students received feedback from each other, rather than the teacher, when successfully completing a task. However, the teacher was still needed to help in ways other than answering questions. For example, according to Lindh and Holgersson (2007) , the teacher is needed to help in resolving conflicts among students and to effectively improve their collaborations.
Moreover, even if the changed role of the teacher is mentioned in previous studies, the deeper discussion on ways in which the role of the teacher influences students' learning processes is missing in mathematics (Forsström & Kaufmann, 2018; Savard & Freiman, 2016) . Thus, in this study, we extend this literature review to include programming and more generally, integrate technology into mathematics education.
Technology in mathematics education
The idea of integrating programming into the mathematics curriculum was introduced in 1980. Papert (1980) suggested that programming should be a part of the curriculum. The author remarked that programming integration can provide a different kind of learning environment in a mathematics classroom, where also the role of the teacher differs from that of a traditional lecturer. In fact, he stated that "the role of the teacher is to create the conditions for invention rather than provide readymade knowledge" (Papert, 1996) . In addition, he stated that "I am convinced that the best learning takes place when the learner takes charge…" (Papert, 1993, p. 25) . Different studies have been conducted on programming and technology integration into mathematics education on the basis of Papert's suggestions. From this perspective, we discuss how the role of the teacher can help in mathematics education.
According to the systematic literature review by Bray and Tangney (2017) , technology integration in general and programming integration in particular have the potential to change classroom culture in mathematics education. Previous studies dealing with technology integration into mathematics education discussed learning environments that were self-directed (Bray & Tangney, 2017; Martinovic, Freiman, & Karadag, 2013; Olive et al., 2010) or student-centered (Bray & Tangney, 2017; Olive et al., 2010) , and collaborative (Martinovic et al., 2013) . Some studies refer to various challenges in the traditional, teacher-led mathematics classroom (Bray & Tangney, 2017; Martinovic et al., 2013; Olive et al., 2010) .
One significant issue in mathematics education is that in many schools, mathematics is still presented as an isolated, formal, and abstract subject, in which the absolute authority is the teacher, whose role is to be the arbiter of knowledge (Bray & Tangney, 2017) . The problem with this kind of learning environment is that it hinders students' abilities to make out-of-school connections with what they are learning (Olive et al., 2010) . Digital technologies have the potential to address this issue by providing students with more practical connections to the course material, as well as by offering a pedagogical approach that puts the student at the center of their learning environment. In a student-centered learning environment, students are given the opportunity to design their own technologies and to lead tasks with out-of-school connections. Furthermore, the teacher is able to act more like a guide and less like an inveterate lecturer who gives students contrived tasks to solve (Bray & Tangney, 2017; Martinovic et al., 2013; Olive et al., 2010) . Although a great deal of innovative research has been conducted in this area, when it comes to everyday classroom practices, technology still tends to be used as a convenient tool for solving traditional problems rather than as a central object of inquiry in a student-centered learning environment (Bray & Tangney, 2017; McCulloch et al., 2018) . Earlier studies suggested that our general unwillingness to integrate technology into the mathematics classroom might well be due to teachers who are themselves unfamiliar and uncomfortable with technology in the context of pedagogy (McCulloch et al., 2018) . McCulloch et al. (2018) argued that teachers primarily use technology to support pedagogical models and goals with which they are already familiar. Teachers who integrate more "non-mathematics-specific" technology in their pedagogy tend to possess a broader understanding of technology integration (McCulloch et al., 2018) .
The role of the teacher in integrating technology into education has been discussed in earlier studies with the help of the technological, pedagogical, and content knowledge (TPACK) model (Ruthven, 2014) . The TPACK model enables researchers to analyze how the teacher's technological, pedagogical, and content knowledge influences technology integration (Koehler & Mishra, 2009) . Student-centered integration of technology ultimately depends on the teacher's technological knowledge (Guerrero, 2010) . Furthermore, reality differs from the ideal situations that research seeks to present. Researchers can dream up new ideas and new models; they can provide devices and assistance to teachers. However, when teachers are left to do their jobs, they themselves will decide what the changes should be (Bray & Tangney, 2017) . A further consideration is that teachers may be afraid of losing control of the classroom (Drijvers, Doorman, Boon, Reed, & Gravemeijer, 2010; Olive et al., 2010) . In the traditional mathematics classroom, the teacher has the control and the power to make decisions. They can decide how technology is used. If students are given more control and responsibility in the classroom through technological integration, they will be forced to engage in a new set of difficulties: pedagogical and otherwise. (Olive et al., 2010) In summary, technology has the potential to change classroom practices in mathematics education. How the classroom changes depends on the manner in which teachers integrate technology into their classrooms (Bray & Tangney, 2017; Olive et al., 2010) , which itself depends on the teacher's technological knowledge (e.g., Guerrero, 2010) . It remains unclear as to how a teacher who does not have previous knowledge about programming or robots manages to integrate robots into their classroom successfully.
Theoretical framework
Teachers with strong technological knowledge are able to integrate technology into their teaching in a student-centered way (Guerrero, 2010) . In such cases, the integration of technology has the potential to change the classroom culture in mathematics education. It is very likely, however, that a teacher integrating programming in their classroom lacks the technological knowledge of someone with a programming background (Bocconi et al., 2018) . As we focus on the choices of a teacher without technical expertise, we apply a different theoretical perspective than the TPACK model. Rather than focusing on the teacher's knowledge or intentions toward integration, we aim to understand what actually happens in the classroom by using a wider relational perspective. We discuss the influence of the role of the teacher on students' learning processes by addressing all the components of collaboration among students, student-centered classroom environments, and teachers' technological knowledge. This is possible with CHAT. Engeström's (1987) activity system ( Fig. 1) is the prime unit of analysis in CHAT. Engeström's (1987) activity system analysis considers the role of the teacher in relation to the collective learning processes of the students. The activity system analysis in CHAT considers tool-mediated activities in light of all the components of the activity system (Fig. 1) . The seven components considered in relation to one another are subject, object, tool, rules, community, division of labor, and outcome (Table 1) . Activity is always led by an object, which motivates and determines it. Subjects work collectively through the division of labor toward their collective object (Engeström, 1987) . The collective object of an activity can be collaboratively constructed by subjects and can be the synthesis of individual perspectives (Engeström, 2008; Holland & Reeves, 1996) . The object can be shaped and changed in the course of the development of the activity by the subjects (Engeström, 1987 (Engeström, , 2008 .
Activities are mediated by tools as subjects are connected to objects through the use of the tools that they possess. There cannot be any activity without tools. Moreover, the tools are not the main objective or the goal of an activity even if the focus is temporarily on the tools (Engeström, 2005) . The tools required for robot-based activities can be working tools (Engeström, 2005) , such as computers and robots, or nonmaterial tools (Engeström, 2005) , such as knowledge of a programming language-specific mathematics. Engeström's (1987) activity system model is well suited to analyzing the role of the teacher on the basis of activities transforming over time, and the history of the participating subjects should be a part of the analysis of programming and robot integration because CHAT is used for collaborative activities. Each subject has its own history, which shapes the activity through the division of labor. Thus, the role of the teacher in collective learning processes can be analyzed using the relationship between the role of the teacher as a part of the division of labor and other components in the activity system, such as various tools and the object of the activity. Programming tasks can be solved in various ways because collective activities are not predictable (Engeström, 2005) . Consequently, even if the teacher designs the tasks, they may not know beforehand the type of problem-solving activities that will be set in motion. Therefore, this may change the division of labor in the classroom.
In this regard, Engeström and Sannino (2012, p. 46 ) stated the following:
But the very assumption of complete instructional control over learning is a fallacy. In practice, such control is not possible to reach. Learners will always proceed differently from what the instructor, researcher or interventionist had planned and tried to implement or impose.
Thus, learning processes using robots cannot be analyzed with standard learning theories wherein students are considered to acquire stable individual skills and knowledge that can be identified by the teacher beforehand. As aforementioned, learning in CHAT is a collective process. The subject of an activity collaboratively manipulates the object of the activity throughout activity development (Engeström, 2005) .
To understand the role of the teacher in students' learning processes in detail, we discuss the relationships among "the role of the teacher," "object of students activities," "tools in use," and "collaboration among students" in student activity system models. These relationships are the main focus of the analysis in this study.
The role of the teacher-object of the activity
As aforementioned in the introduction, technology integration has the ability to change classroom culture from being teacher-led to becoming more student-centered, depending on the role of the teacher. Engeström (2008) illustrated the traditional classroom model using activity theory (Fig. 2) . In that model, the teacher and students have their own activity systems, where the teacher sets Fig. 1 . The activity system model (Engeström, 1987, p.78) .
Table 1
Definitions of the components of the activity system analysis.
Component
Definition/meaning Examples from this study
Subject
The individual or group of people who are engaging in the activity (YamagataLynch, 2010)
The students and the teacher
Object
The driving force of the activity (motive and goal) (Engeström, 1987) Fulfill a task with the robot. Tool
The instrument that mediates the activity (Engeström, 1987) The robot, computer, and mathematical tools Rules
The regulations that are relevant to the activity (Yamagata-Lynch, 2010) Task assignment, rules of the mathematics classroom Community
The social group to which the subject belongs during the activity (YamagataLynch, 2010)
The whole class of students and the teacher (or teachers)
Division of labor How the tasks are shared during the activity (Yamagata-Lynch, 2010) Collaboration between students, the mediation of the teacher Outcome
The result of the activity (Yamagata-Lynch, 2010) The robot drives a track as it is programmed.
up tasks for the students to solve, i.e., the object of the students' activity is given (Engeström, 2008; Martinovic et al., 2013) . In a more student-centered classroom, students have the opportunity to create their own tasks to be solved, i.e., students have their own objects. However, previous studies have shown that there may be a problem in integrating programming, particularly if the teacher does not have any programming background to enable the students to obtain their own objects. To understand this kind of activity in the classroom, we address the problem of the relationship between the role of the teacher and the object of the activity in students' activity systems. Thus, the relationship between the role of the teacher and the object of students' activity system is one main focus of analysis in this study.
The role of the teacher-tools
According to the previous studies that applied the TPACK model, technology integration into mathematics education depends on the teacher's technological knowledge (Guerrero, 2010) . In CHAT, teacher and student technological knowledge, as well as teacher pedagogical knowledge, can be discussed by utilizing the concept of tools. Activities transform over time, and the history of the participating subjects should be a part of the analysis. Activity development depends on the history of the different tools that mediate and shape the activity (Engeström, 2005) . The students and the teacher can have different histories regarding programming tools. If programming is integrated into mathematics education and the mathematics teacher does not have any previous knowledge of it, some of the students may have more control over the knowledge tools than the teacher (Olive et al., 2010) . The influence of the teacher's role in student activity systems can be discussed in such a situation by addressing the relationship between the teacher's role and the tools in use, which is our second unit of analysis in this study.
The role of the teacher-collaboration among students
Previous research proved that technology, programming, and robot integration support collaborative learning in mathematics classrooms (Forsström & Kaufmann, 2018; Bray & Tangney, 2017; Martinovic et al., 2013) . CHAT can be used for collaborative activities. Each subject has its own history, which can shape the activity through the division of labor. The subjects participating in the activity can always have multiple perspectives, opinions, traditions, and interests, which can cause tension (Engeström, 2005) . Previous studies proved that the teacher needed robot integration as a conflict solver (Lindh & Holgersson, 2007) . However, the influence of the teacher as a conflict solver on students' learning is not widely discussed. Activity system analysis in CHAT enables us to discuss the influence of the teacher's role as a conflict solver on students' learning processes in mathematics, through the relationship between the teacher's role and collaboration among the students. This constitutes our third unit of analysis in this study.
In the following chapter, we introduce the design applied to our study. We use CHAT to analyze the teacher's role in robot-based activities and how it can influence the students' learning processes in mathematics.
Research methods
Research context and design
We explore data gathered in one secondary school in Norway to better understand the role of the teacher in student learning when technology is being implemented in the classroom.
Norway is planning to integrate programming in the mathematics curriculum, and technology is already an important part of the curriculum in Norway, which makes a Norwegian school an interesting target for this study. Mathematics plays a central role in the national curriculum in the 10-year compulsory elementary school in Norway, and logical thinking, problem-solving, and the use of technology are the central focus of the mathematics curriculum in Norway. It is recommended that teachers use technology in most mathematical activities (Kunnskapsdepartementet, 2007; Utdanningsdirektoratet, 2013) .
Although the design of this study is not completely that of an intervention study, it has features of an intervention study in terms of our role as researchers. We played an active role in the beginning when we introduced Lego Mindstorms robots to the teacher shortly before the data was collected through the basic programming figures. After the introduction, he gained basic programming skills with robots by himself. The teacher planned and conducted an introduction to robots. We had a more passive role during the data collection sessions; however, we negotiated with the teachers in between the sessions, which reactivated our role.
Data collection
The videotaped data with ethnographic features were gathered to understand everyday activity in the classroom in which robots were integrated. The mathematics teacher who participated in this study did not have any previous knowledge of programming or robots. This made it possible for us to get a natural picture of the situation of programming integration. The data were collected as part of an elective subject, "technology in practice." There were 31 students aged 12-15 in the classroom.
We started by introducing Lego Mindstorms robots to the teacher shortly before the data were collected through the basic programming figures. After the introduction, he gained basic programming skills with robots by himself. The teacher planned and conducted an introduction to robots, first introducing the basic programming figures to the students so that they could steer the robot motors. Other programming skills were self-taught as needed. The students worked in groups of 2-4 that were assigned by the teacher. The task that was most frequently selected for groups was to drive a certain path with the robot. Students were also able to plan the path that the robots would drive by themselves. The teacher, with his peers, guided students when needed.
We observed the activities in the classroom during eight 75-min sessions; the last five of the sessions were videotaped. By observing the first eight sessions incorporating robots, we got a sense of the students' first learning experience with robots. During the sessions, the teacher's involvement with students' learning processes varied.
The focus in our observation was on one group of three students, "Oscar," "Lucas," and "Jacob," aged 12-13. Oscar, Lucas, and Jacob worked enthusiastically with the robots, and they were natural in front of the video camera. Observing only one group of students made it possible to gain a detailed understanding of the collective learning processes of that one group.
Permission for gathering the sensitive videotaped data material was obtained from the Norwegian Centre for Research Data. Permission for the videotaping was also granted by the teacher and the parents of the students. The data has been processed confidentially, and the participants are anonymous. During the sessions, the author concentrated on videotaping and writing field notes. The role of the author in the classroom was that of a moderate participant, which is between an active participant and a totally passive one (Spradley, 1980) . The author briefly introduced the robots to the teacher but did not participate in teaching or guiding students, instead concentrating on observing the activity development and the effects of different components such as the role of the teacher, collaboration between students, and different tools in use. Furthermore, the author observed students' and the teacher's gestures and expressions to understand interactions between students and the teacher.
The data analysis
The first step in data analysis was to select for transcription the most interesting part of the most interesting sessions, with respect to the role of the teacher. Two different sequential sessions were the most interesting for this article because the teacher had a different role during these sessions.
To get a broader picture of the impact of the role of the teacher on students' collective learning processes, we used Engeström's (1987) activity system analysis, which made it possible for us to analyze the influence of the role of the teacher on the different components in students' learning processes. We also compared the two different sessions regarding the role of the teacher, and on the basis of this comparison, we analyzed certain relationships between the role of the teacher and other components in the activity systems in which the role of the teacher had an influence on both of the sessions, which could be seen in the collaboration between students, the tools that the students were using, and the objects of students' activities.
Findings
In this section, we briefly present Sessions 1 and 2, and then, we provide a comparative analysis of the roles played by the teacher during these sessions, using activity system analysis.
During Session 1, the task assigned was to program the robot to drive a given path as quickly as possible. Students Jacob, Lucas, and Oscar got the idea to use touch sensors to control the robot in such a way that the robot turned left when the touch sensor connected to the left-hand side of the robot was pressed down. The right-hand side would work similarly. When no sensors were pressed, the robot would drive straight forward. This idea was generalizable and innovative; they were not able to implement it because they lacked the necessary programming skills. The teacher was not able to help them either.
During the other session, 1 week after Session 1, the assigned task was still the same as that in the previous time because none of the groups had yet succeeded. Students had the option of designing a path on which they programmed the robot to drive. During Session 2, Oscar was absent, and Jacob and Lucas had difficulties in getting started and collaborating. They had to wait for a long time before the teacher came to help them; however, when he did, he negotiated a new task assignment with the students. The new task was to program the robot to drive a circle of 1-m radius. This negotiation with the teacher helped the students to successfully collaborate again, and they were able to solve the problem using mathematical tools and collaboration. The roles of the teacher during these two sessions were different in many ways, and so were the sessions themselves. These differences are listed in Table 2 .
Using the relationship in the activity system analysis, we discuss the differences between Sessions 1 and 2. For this analysis, the role played by the teacher is considered to be a part of the division of labor. In the following sections, we use Table 2 as the basis for discussing the relationship between the teacher's role and the object of the activity, between the teacher's role and the tools, and between the teacher's role and collaboration between students.
The role of the teacher -object of the activity
During Session 1, the teacher was not present when the students negotiated their object:
Citation 1 from our field notes (Session 1)
Students found some sensors and became curious about their purpose. After the students learned the purpose of the touch sensor, Oscar got an idea about using it to control the robot. He described how the touch sensor could be used. Jacob got excited about Oscar's idea.
Lucas was not excited about Oscar's suggestion: We are not going to do that.
The students connected two touch sensors to the robot with long cables so that the sensor could be pressed while the robot was driving.
At this point, Lucas also got excited: Let's make a program.
Oscar started programming while he negotiated with Jacob and Lucas. Thus, the students found a common object to work on without any input from or negotiation with the teacher.
Citation 2 from our field notes (Session 1)
The teacher came to see the students after they had tried to solve their problem for some time.
Teacher: Do you know what to do? Oscar: We are just testing things out… Jacob laughed: We are trying to make a controller. The teacher was a bit confused: Okay. Oscar: We are having problems in getting this to work somehow. We are having problems in getting these things to work somehow. I mean the buttons… The teacher: What did you say?
The teacher pointed to the computer screen and took a quick look at the computer, smiled, and left. He did not answer the students' question and did not return to the students during that session. The students did not mind that the teacher left; they just continued working.
Analysis based on Citations 1 and 2
The teacher did not understand the students' object. This is evident because he did not comment on the students' idea in any detail; he just left and did not return. One reason for this is that he was not present during object negotiation. The other reason is that the teacher did not have the tools required to help the students. We discuss more about the required tools in the tools section.
As opposed to Session 1, during Session 2, the students' object was a result of the negotiation with the teacher: Students did not have any problems with programming.
Collaboration
The students had difficulties with collaboration. The students had difficulties with collaboration; with the help of the teacher, the difficulties were resolved. Outcome Students did not complete the task. Students completed the task.
Citation 3 from our field notes (Session 2) The teacher came to see the students 30 min after the beginning of Session 2. He noticed that one student was absent:
Teacher: Are you without Oscar today? Lucas: Yes. The teacher remembered the students' project from the last time: Was it he who planned the controller, or? Lucas: We gave up on the controller. The teacher laughed relieved: Okay, what are you doing now instead?
The students gave almost the same answer at the same time. Jacob: I don't know what he is doing. Lucas connected the robot to the computer and smiled: We made it (the robot) turn. Jacob continued, a bit frustrated: I just continued with this thing here (programming the robot), which he started. He was sitting here like this, more than half the time he just built it (Lego bricks). And now I do not know what he is doing with it (the robot).
Lucas gave an answer while he started the robot on the floor, and he pointed out a route on the floor with his hands: Now I'll make the robot drive from here (start point), and then, it will drive around there (end point), past the bag, and in like that. Jacob: Yes. How many times? Lucas: One. Until now.
Both of the students and the teacher observed the robot while it was driving. The robot almost drove in a circle by ending almost at the starting place. Everybody got excited that the robot almost drove a circle. The teacher sat next to the students facing the computer and pointed to the screen:
Can you make a circle with only one such (program) so that it (the robot) drives around one circle. Lucas: I think so. Jacob: Make your circle a bit more specific. It might be like turning that way. Lucas laughed enthusiastically and drew a circle with his hands: Should it drive like that? Did you mean the pi-circle? The teacher raised his shoulders and suggested: Radius of 1 m, for example.
Analysis based on Citation 3
The start of Session 2 was not smooth. The students had difficulties in collaborating, and it took quite a long time before the teacher came to see them. When the teacher came to see the students and realized that they were not working with the touch sensors anymore, he seemed relieved. After realizing that the students did not successfully complete the previous project, he took on a different kind of role and negotiated a new object with the students by suggesting one that was related to the situation they were engaged in. Students' questions and enthusiastic laughter indicated that they were interested in the teachers' suggestion.
Analysis based on Citations 1, 2, and 3
The comparison of Sessions 1 and 2 confirms the indication that the teacher had difficulties with the students' object during Session 1. This is manifested in a few different ways. First, the teacher did not come to see the students at the end of Session 1 after leaving. This is confirmed by the fact that it was a long time before the teacher came to see the students in the beginning because he thought that the students were still working on the previous project. Second, when the teacher came to see the students during Session 2, he immediately mentioned the object from the last time, and he laughed, relieved, on realizing that the students were not working on that object anymore. Third, he assumed a different role during Session 2 by discussing the assignment with the students in a different way. He used time for the students in a different way by sitting down and planning with them. He participated in the students' discussion, unlike during Session 1.
The role of the teacher -tools
The tools applied are based on the objects of the activity (Engeström, 1987) :
Analysis based on Citations 1 and 2
During Session 1, programming tools were needed to mediate activity toward the object, which, in this case was the use of touch sensors to control the robot (Engeström, 1987) . However, without sufficient tools, the students were not able to achieve their object and would have needed help and advice in programming. Their plan could not be implemented as such; however, the idea could have been developed with the help of the teacher. As also in Lindh and Holgersson (2007) , the teacher was needed as technological support during students' learning processes with robots. However, the students did not get technological support from the teacher. As mentioned earlier, the teacher did not have the tools required to support the students. The students did not ask or even expect to get help from the teacher. They explained their plan and problems to the teacher when the teacher asked what they were doing. When they did not get any answer, they just continued working and did not mind that the teacher left.
Analysis based on Citation 3 and other field notes from Session 2
Session 2 had a view contrary to what Session 1 had regarding the use of tools. Apart from the programming tools, the students used mathematical tools that were appropriate for the object of the activity during Session 2. The teacher managed to mathematize the object by suggesting that the students could program the robot to drive a circle with a 1-m radius. The mathematized object needed mathematical tools to mediate the activity (Engeström, 1987) . The students needed the circle perimeter formula to define the length of the route that the robot needed to drive. They also needed proportions to define how much the robot had to turn. The teacher did not intervene in the selection or use of these tools; however, the use of the tools was dependent upon the object, which, in turn, was the result of negotiation with the teacher.
The students did not have any difficulties with the use of programming tools during Session 2. The teacher saw that the students were able to program the robot to almost drive a circle. Thus, the teacher knew that the students had the programming tools required to achieve their object. The teacher's suggestion to have the robot drive in a circle was not challenging to their programming skills. It was rather challenging in its mathematical aspect, where the teacher had the tools required to guide the students.
During Session 1, the focus was on technological tools, and during Session 2, it was on mathematical tools, and the role of the teacher varied accordingly. The teacher was much more involved during Session 2 when the focus was on mathematical tools. He was able to understand and guide students during their entire learning process.
The role of the teacher -collaboration among students
At the beginning of Session 1, the students collaborated well and did not mind that they did not get any help from the teacher. However, the collaboration between the students collapsed after some time:
Citation 4 from our field notes (Session 1):
Oscar worked relentlessly with programming and reasoning: So, we must have this, at least. And then we should not use it, because when you press it then it stops just what it's connected to. The exclamation point… Of course, we have to connect something from here to them…I can do that. No. Yes… Listen. Come. Yes. We've got something, at least. So that we have to use… And then we have one, and then it's when the buttons are held in, something happens.
The other students were no longer excited about the project. They did not listen to Oscar's reasoning. Oscar tried to get them to listen and got Lucas' attention.
Oscar continued: Yes, or it does not work. But, then we have to take up something, but what is the same?
Lucas listened, but then, he continued building the Lego blocks. Jacob looked at what the other groups were doing and was worried about the time.
Jacob: How long have we got? Oh, ***, we have too little time. We have 17 min on us.
Oscar continued his reasoning, and Lucas continued to build the Lego blocks; Jacob tried to listen to Oscar; however, he could not follow what Oscar was doing. He also reminded Oscar of the time.
Analysis based on Citation 4
The students became frustrated when the activity did not develop as desired, and the students' difficulties with collaboration escalated into a contradiction between subject and object in the activity system (Engeström, 2005) . Because the activity did not develop in the desired way, the students developed different objects. Lucas and Jacob were no longer listening to Oscar. Oscar's reasoning was not consistent and became difficult to follow. Lucas started to build using Lego blocks, and Jacob was stressed with the time.
Analysis based on Citations 2 and 3
The students struggled to find a common object at the beginning of Session 2. Jacob had difficulties in following what Lucas was doing; however, the teacher's question regarding what students were doing got them to interact with each other. Jacob got a clue about what Lucas was doing, and both of them concentrated on the robot again. The students' new collective object, to program the robot to drive a circle with a 1-m radius, got students to collaborate again, and the activity got a new direction.
From this interaction, we can see that the role of the teacher can impact collaboration between students. The teacher's guiding questions were key to bridging the gap in understanding between the students. The situation in which Lucas and Jacob ended up with different objects because they had difficulty in following Oscar's reasoning might have been avoided with the help of the teacher's guiding questions. The example of this study supports the argument of Lindh and Holgersson (2007) that the teacher is needed to resolve conflicts among students during problem-solving activities with robots.
Summary of the analysis
The analysis above indicates that the role of the teacher differed during Sessions 1 and 2. The role of the teacher influenced object development, the tools in use, and collaboration among students during Sessions 1 and 2. These findings are summarized in Table 3 .
As shown in Table 3 , the development of the activity was based on object negotiation at the beginning of the sessions. It can be deduced from the teacher's role during Sessions 1 and 2 that the key to the development of the whole activity was the teacher's role during object negotiation. Barak and Assal (2018) argued that the teacher is needed at the beginning of the sessions, which is a claim supported by the comparison between Sessions 1 and 2. On the basis of our study, it could be said that the role of teachers at the beginning of the activity is key to the development of the whole activity. First, this is because teachers are able to help the students during their learning processes by utilizing their (teachers') acquired mathematical and pedagogical knowledge. On the basis of studies conducted using the TPACK model, the manner in which programming can be integrated into mathematics education depends on teachers' technological knowledge (Guerrero, 2010) . We argue that teachers can compensate for their lack of programming skills with their pedagogical knowledge and by using object negotiation with the students.
Second, teachers are capable of indirectly influencing the use of different tools during the learning process through the object. The reason is that students had mathematical tools in use, and they managed with their programming tools in use.
Third, the role of teachers affects students' collaboration. According to previously conducted studies, technology, programming, and robot integration support collaborative learning in mathematics classrooms (Forsström & Kaufmann, 2018; Bray & Tangney, 2017; Martinovic et al., 2013) . We proved that collaboration among students depends on the teacher's role, particularly in the object negotiation phase.
Discussion
Even though the sessions observed and analyzed for this article were not part of a mathematics class, the observations are transferable to the mathematics classroom because the activities support the mathematics curriculum with the development of problem-solving skills and the use of mathematical tools. We observed a circumstance under which it was possible to integrate programming into mathematics even when the mathematics teacher did not have a technological background.
The key difference between the data from the two sessions that we observed was the role of the teacher. The task during Session 1 was highly student-centered, and the teacher did not participate in the activity. The students were the only subjects in the activity, and activity development was dependent on the tools that they were using. The availability of tools to the subjects depended on their knowledge and histories (Engeström, 2005) . However, they did not have the required knowledge; hence, they were not able to make progress.
During Session 2, the teacher renegotiated the object of the activity together with the students. Thus, the teacher was one of the subjects, together with the students. The teacher influenced object development with his knowledge and tools. The object eventually agreed upon by the students and the teacher kept the students and the teacher motivated throughout the activity.
These sessions show that the key to the successful use of robots appears to be fruitful teacher intervention for the negotiation of objects that are obtainable by the students and pedagogically useful. In this case, the teacher and the students worked together as subjects of the activity toward the same object, and thus, they have the knowledge and tools of both the teacher and the students. When they worked together, their knowledge was stronger and they had more tools to use, which enabled fruitful activity development.
The model that we used could also be used to analyze the integration of technology into a mathematics classroom where the teacher is not an expert in technology. According to earlier studies, although the integration of technology has the potential to change the culture of traditional mathematics classrooms to be more student-centered (Bray & Tangney, 2017) , teachers without strong technological knowledge still tend to integrate technology using a teacher-led approach (e.g., Guerrero, 2010; McCulloch et al., 2018) . In a traditional, teacher-led classroom, the students and the teacher have separate activity systems, and each uses their own tools to achieve their individual objects. Traditionally, students are objects in the teacher's activity system, which we typically call "teaching." The learning activities of students have a different object, which is frequently the completion of a given task (Engeström, 2008; Martinovic et al., 2013) . In a totally student-centered approach, the students have their own separate activity system, and they use their own tools to achieve the objects that they themselves created. In such a system, they are on their own if the teacher is not able to help them. Even if they have good technological knowledge, the teacher's guidance is needed if technology is to be Table 3 Summary of the findings regarding the relationships between the role of the teacher and object development, the tools in use, and collaboration among students.
The role of the teacher-object
The role of the teacher-tools The role of the teacher-collaboration
Session1
The teacher was not present in the design phase of this session when students negotiated their object. This had an influence on activity development, such as tools in use and collaboration among students.
Students did not have the tools required to obtain their object. This could have been avoided if the teacher was involved earlier in object negotiation. The teacher did not have the tools required to guide the students in this phase.
At the end of the session, students' collaboration was not successful. This was a consequence of activity development that was based on the object of the activity and tools in use. This could have been avoided had the teacher been involved in the previous phases with some of his questions as a guide. Session2
By making suggestions on the basis of students' original activity, the teacher and the students negotiated a common object together. This had an influence on the development of activity, such as tools in use and collaboration among the students.
Students had the programming tools required to obtain their object. In addition, mathematical tools were in use. The tools applied were based on the object negotiated with the teacher. Moreover, the teacher had the tools needed to guide the students, such as his mathematical and pedagogical knowledge.
Students had difficulties with collaborating among themselves in the beginning. This situation was solved by the teacher's guiding questions and negotiation at the beginning of the session. After the collective object was negotiated, collaboration among the students was successful during the development of the whole activity. This was based on the object of the activity and tools in use.
successfully integrated into the classroom. The mathematics teacher often has strong pedagogical and mathematical knowledge on the basis of their history as a teacher even if they lack technological knowledge. Neither the students nor the teacher knows everything, and one key is that students and the teacher know different things. The use of technology in the classroom is most effective when the teacher and students pursue a common object together rather than pursuing two disparate objects. Through the common object, the teacher brings their knowledge and tools in addition to the students' knowledge and tools to the activity that the students are engaged in. This article addressed the very beginning of programming integration. This paper might not have a report on what happened over time when the students and the teacher were more familiar with the programming tools; however, it gave valuable information from the beginning of programming integration on situations with the potential to further development. However, it was obvious at the beginning of the sessions that the development of the whole activity depended on the teacher's role as object negotiator, which provided a good basis for future activities.
Another question of interest is the following: what happens when students want to develop their innovative ideas and need technological advice? We proved that the teacher's role as an object negotiator provides a good basis for this because it creates a conducive, facilitative environment for the teacher and the students to work together and use their knowledge to solve emerging problems. Moreover, there is a need for many more studies to be conducted on the questions raised in this paper and others. The observations made during this study support the idea that there is a need for further education and peer support for teachers who do not have previous knowledge regarding programming but wish to or must integrate programming into their classrooms (e.g., Balanskat & Engelhardt, 2015; Bocconi et al., 2018) .
Conclusions
This article has explored the impact of the role of the teacher in the integration of robots into the mathematics curriculum on students' mathematics learning processes. Our findings suggest that the choices of the teacher in the activity design phase are the most essential element supporting students' whole learning process with robots. It enables fruitful mathematics when the teacher is an active and engaging object negotiator at the beginning of the sessions in technology integration. These learning processes depend on the interactions between the teacher and students, and therefore, these cannot be predicted or controlled in advance (Engeström & Sannino, 2012) .
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